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SYSTEM REQUIREMENTS WITH TECHNOLOGY IMPLICATIONS -I 

♦ LONG OPERATIONAL LIFE 

• LONG LIFE COMPONENTS' 
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Figure 1 

The space station concepts and uses which have been discussed have a great number of implications with 
respect 'to the technology that will be required for this program. The unusually long life requirements 
impose a number of new considerations not only in terras of the design of basic components and systems 
redundancies, but also in the method of test qualification. Similarly, the necessity for safety 
dictates new approaches in developing manned systems for continuous operation. where immediate return 
to Earth may no longer be feasible. It is also evident that in considering new advancements in 
technology, we must consider the impact of such systems on the ’crew efficiency.' 
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Figure 2 

Other considerations which -will impact the selection of advanced systems are their flexibility of 
application, their ability to operate in various gravitational fields, and their capability to 
operate in a manner so as to minimize ground support. A final consideration which "will be of 
paramount importance in the selection of components will be to obtain reduced costs, both of initial 
development as well as for long term uses . 

Subsequent discussion will summarize technological advancements which are being made in areas of 
applicability to the space station, with special emphasis on advantages which they offer in many 
of these critical dimensions. 
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Figure 3 

The Management and Technical Structure of the NASA Advanced Technology Program for the Space Station 
is under the direction of the Office of Advanced Research and Technology » Five terminology panels 
have been established, covering the areas of Electrical Power; Information Systems; Structures, 
Stability and Control; Space Medicine and Man-Machine Integration; and Life Support and Protective 
Systems. Each panel reviews the total research effort in its area of expertise and recommends 
additional work efforts to be accomplished. The Advisory Council reviews the overall program for 
balance of effort, areas being overlooked, and potential duplications. 
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Figure 4 

One of the critical areas of subsystem development for' the space station is the electrical power 
system. This ch art indicates some of the major system elements which must he considered in selecting 
a nuclear electric power generation system. The thermal energy, from either isotope decay or reactor 

fission, can "be converted into electrical power by a number of methods, five of which are identified 
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here. The Rankine and Brayton are dynamic systems, employing a turbine to drive an alternator. The 
thermo-electric and thermionic systems are static converters and the magneto -hydrodynamic (MHD) system 
employs a conducting metal vapor. Overall system efficiencies range from, four to thirty percent of 
the input thermal energy and all require radiators to dissipate waste heat. After leaving the 
conversion system, the electrical power then must be regulated, controlled, and distributed to the 
various loads and to the energy storage system. 



TABLE I 

NUCLEAR ELECTRIC SPACE POWER SYSTEM TECHNOLOGY FORECAST 

FOR MANNED APPLICATIONS 
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HEAT SOURCE 

POTENTIAL 

FLIGHT 

READINESS 

UNIT 

POWER 

KW 

SYSTEM 
EFF. % 

ISOTOPE-THERMO- 
ELECTRIC 1000°F AVG . 
HOT JUNCTION 

1975 - 80 

0.1 - 1 

5 

ISOTOPE - BRAYTON 
1600°F TURBINE 
INLET 

1975 -80 

2 - 12.5 

25 

SNAP-8 THERMO 
ELECTRIC 
1200°F HOT 
JUNCTION 

1980 

25 

4 

SNAP -8 HG RANKINE 

1270°F TURBINE 
INLET 

1980 

35-50 

9 

SNAP-8 BRAYTON 

1250°F TURBINE 
INLET 

1980 

100 

20 


NASA HQ MF70-6041 
5-21-70 




Figure 5 
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This table gives a forecast of five potential nuclear 1 power systems of great interest for application 
in the 1975-80 time period. It is evident that the Brayton systems give high promise for; applications 
to space station needs because of their availability at, high power levels and high efficiencies. 
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Because of the high potential offered by the Brayton conversion cycle, it -warrants special attention. 
This cycle diagram indicates several of the attractive features of the system. First, there is no 
physical connection between the heat source and the conversion system, heating being transferred by 
radiation. Secondly, the working fluid is an inert gas, which reduces materials problems, and the 
gas does not go through a phase change during the cycle. In addition to these features, the rotating 
machinery can be used over a wide range of power and operating temperatures. 

A complete Brayton Power Conversion System has been assembled and is undergoing testing at the NASA 


Lewis Research Center. 
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Figure 7 


Although considerable progress is being made with large nuclear power systems, additional work is also 
underway on large solar arrays. This chart depicts a 120 square meter deployment test model for which 
the technology has been demonstrated in simulated zero gravity deployment tests in the laboratory. 

This array would produce 12.5 kilowatts in 100$ sunlight condition and with its lightweight beryllium 
structure and silicon solar cells achieved an efficiency of 44 watts per kilogram. 
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Figure 8 


The key to advancements in solar array technology are in new and more efficient structural designs 
and lightweight substrates on which the solar cells are attached. This chart illustrates several 
of the new approaches to these challenging problems. 
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Figure 9 


The rollout solar array is one attractive approach to reducing the stored volume while maintaining 
the high structural efficiency required. The system shown here is a rollout array 2.5 meters hy 
9 meters which has been fabricated and which produces hh watts per kilogram. 
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Figure 10 


Chemical power, particularly rechargeable batteries, is an essential part of a solar power system 
in order to first activate the station and then to supply the power during the eclipse portions of 
the orbit. This chart illustrates the advantage in lifetime for nickel-cadmium cells; however, their 
low energy content makes them a less than desirable selection from this standpoint. Advancements 
in technology which could increase the lifetime of the higher energy content systems are highly 
desirable, present lifetimes being limited primarily by the major problems listed. 
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Figure 11 
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Ibver conditioning equipment is perhaps the least advanced element of -space power systems. Present 
equipment tends to he very costly, have low reliability, be -wasteful, of energy, produce thermal 
control problems and be limited in performance. An aggressive research program is underway to 
overcome these deficiencies. 








Figure 12 

Another primary subsystem of the space station "which will have a major impact on its usefulness 
as a general purpose laboratory is the Information Management System. In order to interconnect all 
elements of the space station with a minimum of wiring, a data bus approach has been proposed-. Such 
a bus would most likely involve a set of redundant cables, each of "which would contain multiplexed 
information obtained from all of the connected elements. Modulator- demodulators at each terminal 
would provide the signal conditioning and decentralized computer systems would permit a maximum 
degree of flexibility and efficiency in status -monitoring, fault detection, and system grovbh. 



INERTIAL SYSTEM LIFETIME (Yrs) 


INERTIAL GUIDANCE TECHNOLOGY 


GIMBALLED 


STRAPDOWN 

REDUNDANT STRAPDOWN, STRAPDOWN 

SENSOR NO-MOVING-PART CRYOGENIC/NUCLEAR 


1,000 


c o 

\ 

\ 


\ 

V" 

,A 

y' \ 


500 


% y 








1970 


1975 


1980 

CALENDAR YEAR 


1985 


NASA HQ RC69- 16460 
5-23-69 


INERTIAL PLATFORM COST AT LAUNCH |$K) 




Figure 13 
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Although guidance .arid ’navigation are not critical problems for. the space - station, considerable 
research is underway which promises to provide major improvements in both system life and costs. . 
Trends shown here derive from the gimballed platforms of today to strapdown systems of increasing 
mechanical simplicity during the 1980*3. 
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Figure 14 

Another area where spectacular progress can be foreseen is in the area of remote sensors* This 
forecast chart indicates that during the next 15-20 years, spectral ranges for all types of sensors 
can be expected to double by the development of new techniques. Similar advances can be expected 
in resolution, lifetime, storage capacity, and stability. 
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Figure 15 

The technology trend in large capacity data storage systems also indicates a spectacular increase in 

capability. For random access computer memories, the evolution from today's core storage to eventual 

f* 10 

holographic techniques portends increases in storage capability from 10° to 10 bits of data. Similar 
improvements in auxiliary storage from 10^ bits for present day magnetic tape systems to 10 12 bits or 
more by holographic techniques and genetic coding are envisioned. Since memory limitations are the 
major bottleneck in large scale data processing, these breakthroughs are of major importance for the 
handling of the large quantities of data which a multi-disciplinary space station may generate. 
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Figure 1 6 


Improvements in micro -electronics continue to revolutionize the development of electronic components. 
The single- circuit silicon device shown on this chart is about .5 millimeter on a side. The multi- 
circuit large scale integrated (L3l) circuit devices, although only about two and one-half times as 
large can accomplish 100 functions. More important than the reduction in size and weight, however, 
are the reduction in processing steps to l/3 and the number of hand connections to l/lOO those required 
with the use of single function chips. 
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Figure 17 


The dynamic control of the space station attitude poses a challenge veil beyond any similar precision 
control accomplished to date. The Sky lab program vill utilize control moment gyros for this function 
and more advanced units are likely candidates for use on the station. These gyros are essentially 
a constant speed flywheel vhose plane of rotation is controlled by a gimbal. Movement of the girabal 
causes the momentum stored in the flywheel to act upon the spacecraft forcing the spacecraft to react. 
The main requirement for the space station is to develop systems capable of operating for the 10 year 
lifetime . 
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Figure l8 

Control moment gyro arrangements, operational capability, and performance are being simulated using 
actual hardware as much as possible. The simulations include manual control inputs, experiment 
functions and related spacecraft subsystems. These are tied together with a computer which inputs 
vehicle dynamics, mission requirements, disturbances, and simulates the control computer. The results 
verify the control logic, accuracy of spacecraft attitude sensors, compatibility with experiment 
requirements, the opportunity to test other system monitoring equipment and the effect of manual 
control . 
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Figure 19 



A supplemental requirement -with any control moment gyro stabilization system is some means to 
periodically unload the momentum accumulated. One attractive approach to this problem is through 
the use of resistojets, a device -which utilizes waste materials from the space station as the 
reaction material in an electrically heated rocket. To date, substantial hours of testing have been 
accomplished using both ammonia and hydrogen, and research is underway to select materials suitable 
for construction of these thrusters which will withstand the induced problems of oxidation, 
carbonization, or material deposition. 
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Figure 20 


The resistojet itself is a relatively simple device in which the propellant is passed over a resistance- 
heated heat exchanger and through a nozzle to produce thrust. The 4.5 gram biowaste resistojet shown 
schematically here has overall dimensions of approximately 100 millimeters in length and 50 millimeters 
in -diameter and requires approximately 200 watts of power. 
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Figure 21 

The question of "whether artificial gravity "will "be provided for long duration space flight has not 
"been ansvered. It may be desirable either for astronaut performance enhancement or for physiological 
reasons , or for both. 

The primary mode of operation being considered for the generation of intravehicular artificial 
gravity utilizes rotation of all or portions of the space vehicle. Because these systems involve 
large rotating modules connected vith relatively long flexible members, dynamic response of the 
structure must be veil defined so that stabilization and control systems can be properly designed. 

* *• ** • iV.'-' 

Dynamic scale model tests are presently being made on both space station and space base configurations. 
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Figure 22 



A summary of problems related to space station structures and environmental protection is shovn 
in this chart. Although none of these problems appears insurmountable, research activities to 
advance the state of technology will produce significant dividends in terms of reduced launch 
weight, increased system lifetime, and mission safety, and decreased logistics resupply require- 
ments. In general, these areas of concern are related to the structural integrity of the station 
and the control of the thermal environment, in addition to the dynamic considerations posed by 
the artificial gravity operation. 
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Figure 23 


A specific area of concern is the design of the structural outer shell to provide adequate 
protection from potential meteoroid impacts. Flight experiments to date have "been limited in 
lifetime, surface area, and thickness of the penetration detectors, so that the meteoroid flux 
is only known with some certainty in the upper regions of this curve. Because of the very large 
surface area and long lifetime of the space station, meteoroid environment in the range of 
interest is not known to the accuracy that would be desired for optimum design of the meteoroid 
bumper. Flight experiments have been proposed which would significantly reduce the present 
uncertainty, and ground observations using radar and optical observations are being emphasized 
to better define the lower end of the curve. In the meantime, conservative design approaches, 
though costly in terms of station launch weight, will be utilized to assure a probability of 
0.9 of no meteoroid penetration of crew or systems compartments for 10 years. 
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Figure 2k 



One of the continuing goals of the space station program is to develop the technology for closed- 
loop regenerative life support systems which can he utilized in more advanced missions of the 
future. To date the longest simulation of a complete closed-loop system has been a 60-day 
mission; however, a 90-day simulation is to begin soon under the auspices of the NASA Langley 
Research Center by the McDonnell Douglas Astronautics Corporation at its Huntington Beach, 
California, facility. Ibis new simulation run will include a water electrolysis unit for oxygen 
recovery, a vacuum distillation and vapor pyrolysis unit for water recovery, a water vapor 
electrolysis unit for humidity control, a flight-type atmospheric sensor utilizing a mass 
spectrometer to accurately measure the atmospheric constituents, and an advanced carbon dioxide 
removal unit. Four men will reside in this simulator continuously for the 90“day period and 
in addition to the subsystem testing, microbial, physiological, and behavioral investigations 


will be conducted. 
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Figure 25 



The next generation of an integrated life support system for which technology development is 
underway is illustrated on the attached schematic. This system has been designed to provide 
life support for a two-year mission without resupply, and incorporates such new subsystems as 
a steam desorbed resin carbon dioxide concentrator, a solid electrolyte oxygen generator, a 
catalytic oxidizer for control of atmospheric contaminants, a new wet waste management system, 
a zero gravity full-body shower, and a vapor diffusion water processing unit. 
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Figure 2 6 




This is a photograph of the actual carbon dioxide concentrator vhich will be used in the 90-day 
simulation. Its working media is an amine polymer which adsorbs carbon dioxide from the atmosphere 
and which is periodically desorbed by a steam purge. A Sabatier system is then used for reduction 
of carbon dioxide to methane and water. 
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Figure 27 




Other advanced components vhich are undergoing testing are depicted in this figure. The vater 
electrolysis unit not only reclaims oxygen from ■water, but also is used in controlling atmospheric 
humidity. The reverse osmosis unit employs a porous glass construction to purify vash vater. 
Previous systems, requiring multiple filtration techniques, vere much larger and required expendable 
elements . 


FECES 



AIR RETURN TO CABIN 

SYSTEM BLOCK DIAGRAM 


7 - 31-69 



Figure 28 

One of the most challenging problems related to man’s living in space for extended periods has been 
the collection of human -waste. This block diagram describes the system which will be used in the 
90-day run and vhich has been designed to operate in a zero gravity environment. The slinger is 
used to break up the wastes and deposit them against the sides of the container. Ihe system is 
then vacuum vented to dry the material and periodically the residue can be removed by opening the 
container and replacing the inner liner. This unit is designed to collect the waste from 4 men 
for 90 days. 
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Figure 29 


These photographs of the fecal collection unit described on the previous chart show the system 
installed in a clean room at the NASA Langley Research Center where microbial and odor testing 


has been conducted 
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Figure 30 
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The Integrated Medical and Behavioral Laboratory Measurement System is a highly flexible and 
sophisticated laboratory system designed to accommodate the presently planned experiments as 
•well as those which could be anticipated in the future. It is basically a rack and module system 
which can be assembled into working consoles according to the requirements of the medical and 
behavioral experiments program and the space station. As a design goal, it will employ maximum 
commonality of measurement techniques as well as functional and structural elements. To date, 
two early prototype systems have been constructed by the General Electric and Lockheed Corporations 
and these systems are being evaluated at the NASA Manned Spacecraft Center. The system consists of 
five functional elements: (l) Physiological; (2) Behavioral; ( 3 ) Biochemical; (4) Microbiological; 

and ( 5 ) Data Management. Together they will accommodate all eight areas of investigation to which 
the behavioral and medical experiments program is directed. 
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Figure 31 

Although the space station and space transportation system designs vill provide a shirtsleeve environ- 
ment for the astronauts in most situations, continuing research vork is desirable on improved space 
suits for contingency situations as veil as extravehicular operations. Jknphasis is being placed on 
obtaining greater mobility and in reducing the effort required by the astronaut to accomplish a given 
amount of vork. This photograph illustrates a constant volume suit vhlch can be donned quickly and 
vhich provides significant improvement over systems used previously. 
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Figure 32 


Related space suit research is directed toward improved materials providing longer life. This chart 
illustrates a suit utilizing a coated metal fabric which is flame proof, iess* bulky, and stronger 


than earlier systems. 
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Figure 33 

One of the most interesting questions with respect to manned habitation of an artificial gravity 
station is the effect of rotational rates and moment arms. A device is being used at the North 
American Rockwell facility at Downey, California, to explore some of these effects. The rotational 
facility has a variable radius from approximately 25 to 40 meters and can achieve rotational rates , 
up to 12 revolutions per minute. The crew module at the end of the beam is approximately 3 meters 
in diameter by 12 meters in length, and can be inclined so as to keep the resultant gravity vector 
perpendicular to the floor. 
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Figure 3^ 


This chart summarizes the relative states of readiness of technology to meet the space station 
requirements. Although there appear to he no insurmountable obstacles to the accomplishment of 
a space station program during the next decade, it is obvious that in a number of areas the potential 
payoff from further advancements in technology would be considerable. 
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